A rapid and quantitative method for the extraction, derivatization, and liquid chromatography with fluorescence detection of ivermectin (IVM) and doramectin (DOM) residues in porcine liver was developed and validated. IVM and DOM were extracted from the liver samples with acetonitrile, the supernatant was evaporated to dryness at 37°C under nitrogen, and the residue was reconstituted in 1-methylimidazole solution. After 2 min at room temperature, IVM and DOM were converted to a fluorescent derivative and then separated on a Hypersil ODS column. The derivatives of IVM and DOM were detected and quantitated with high specificity by fluorescence (excitation: 365 nm, emission: 475 nm). Abamectin was used as an internal standard. The mean extraction efficiencies from fortified samples (15 ng/g) were 75% for IVM and 70% for DOM. The limit of detection was 0.8 ng/g for both IVM and DOM. I vermectin (IVM) and doramectin (DOM) are important broad-spectrum antiparasitic drugs used in veterinary medicine. IVM and DOM belong to the family of the avermectins, which possess a macromolecular lactone structure. IVM is a mixture of 2 components containing at least 80% 22,23-dihydro-avermectin B 1a and not more than 20% 22,23-dihydro-avermectin B 1b . B 1a , the compound which makes up the largest amount in the mixture, is considered the marker compound for measuring total residues of IVM (1). DOM is a single compound and is the marker compound in pig tissue (2).
I vermectin (IVM) and doramectin (DOM) are important broad-spectrum antiparasitic drugs used in veterinary medicine. IVM and DOM belong to the family of the avermectins, which possess a macromolecular lactone structure. IVM is a mixture of 2 components containing at least 80% 22,23-dihydro-avermectin B 1a and not more than 20% 22,23-dihydro-avermectin B 1b . B 1a , the compound which makes up the largest amount in the mixture, is considered the marker compound for measuring total residues of IVM (1) . DOM is a single compound and is the marker compound in pig tissue (2) .
With Regulation 2377/90 (3), the European Union established the maximum residue limits (MRLs) for IVM and DOM in tissues from several food-producing animals. IVM and DOM have MRLs of 15 and 50 ng/g in porcine liver, respectively. The most commonly used methods for determination of IVM in animal tissues (4) (5) (6) (7) (8) (9) consist of the following stages: extraction with an organic solvent, purification by solid-phase extraction, derivatization, and determination by liquid chromatography (LC) with fluorescence detection. Some multiresidue methods for the determination of avermectins have been reported (10, 11) . LC with mass spectrometry (MS) methods also exist (12, 13) .
This report describes a rapid method for quantitative determination of IVM and DOM in porcine liver samples by LC with fluorescence detection. To enhance the precision and accuracy of the method, internal standardization was used. A simple extraction was performed, followed by evaporation of the organic solvent and reconstitution in 1-methylimidazole solution. IVM, DOM, and abamectin (ABA; internal standard) were then converted to fluorescent derivatives and separated on a Hypersil ODS column. The fluorescent derivatives were obtained by a dehydrative reaction previously described for IVM (14) (15) (16) . The validation of the method is also reported. 
METHOD

Apparatus
Fortification of Samples
To prepare a standard curve from fortified liver samples, weigh aliquots of 1 g homogenized negative control liver (not containing detectable amounts of analyte) into 50 mL extraction tubes. Add 50 µL aliquots of fortification standard solutions to give levels of 0-50 ng/g, respectively, and 50 µL of the control standard solution to 1 g liver portion for verification of the standard curve. Fortify unknown samples with internal standard (25 ng/g). Let all fortified samples stand for 15 min before extraction. 
Liquid Chromatography Determination
Perform the derivatization in the autosampler. The autosampler injects 120 µL trifluoroacetic anhydride solution into the sample vial and proceeds with the automated mixing. After completion of the reaction (2 min; 14), 100 µL derivatized sample is injected onto the LC column. The chromatographic conditions are as follows: column operated at 30°C; mobile phase, water-acetonitrile (6 + 94); flow rate, t = 0; 1.3 mL/min, t = 10; 1.3 mL/min, t = 11; 1.6 mL/min, t = 14; 1.6 mL/min, t = 16; 1.3 mL/min, t = 24; 1.3 mL/min. Under these conditions, the retention times of IVM, DOM, and ABA are approximately 8.5, 6.5, and 5 min, respectively.
Liquid Chromatography Control Parameters
Peak symmetry.-Chromatographic standard solutions are prepared and analyzed daily to ensure that the LC system is performing acceptably and that peak shapes of IVM, DOM, and ABA are as specified. The peak symmetry is calculated with the following formula: 
where A is the bandwidth on the left side of the peak center and B is the bandwidth on the right side of the peak center. A and B are evaluated at 5% of peak height. When actual data points are not available at exactly 5% peak height, they are determined by interpolation using the adjacent data points. The peak symmetry should be between 1.11 and 1.37 for IVM and between 1.16 and 1.39 for DOM.
Signal-to-noise (S/N) ratio.-
The S/N ratio should be >3.
The above-mentioned characteristics should be met before samples are analyzed.
Quantitation
Quantitation is performed by linear regression and the best fit line is constructed from a 6-point internal standard curve. The ratio of analytical response of IVM and DOM to that of ABA is computed for each sample, and the concentration is subsequently calculated based on the standard curve.
A determination of the suitability of the standard curve is performed by injection of a sample fortified at 30 ng/g. The concentration of this sample should be between 27 and 33 ng/g for IVM and between 28 and 32 ng/g for DOM. Linearity of the standard curve should be >0.9990 for IVM and >0.9995 for DOM. The slope should range from 25 to 30 for IVM and from 26 to 31 for DOM. The intercept should range from -0.9 to 0.7 for IVM and from -0.3 to 0.5 for DOM.
Results and Discussion
Compared with the methods published so far, this analytical procedure has a major advantage in being very simple and rapid. The method can provide sample extracts with a minimum of interfering substances. Furthermore, the mere fact that the derivatization is automated is in favor of the method being stable and, hence, suitable for routine analysis.
Method Validation
(a) Chromatographic selectivity.-Fluorescence chromatograms showed complete separation of IVM, DOM, and ABA and absence of interference from the matrix and from reaction products at the retention times of IVM, DOM, and ABA ( Figure 1) . The lack of interference in the separation suggests a high specificity of the chromatographic method and a good selectivity of the extraction procedure. The small bump at the retention time of DOM in the blank liver tissue is an interference from the liver tissue. It is only present when the blank tissue is >1 month old. The interference is below the detection limit.
(b) Linearity.-To establish linearity of the analytical procedure, liver samples fortified at 1, 5, 15, 25, and 50 ng/g were analyzed under reproducibility conditions. All correlation coefficients of the standard curves exceeded 0.999 for both IVM and DOM. Reproducibility conditions mean that samples are analyzed on different days by different persons.
(c) Extraction efficiency.-To determine the extraction efficiencies of IVM and DOM in liver samples, several samples fortified at 15 ng/g and standards were analyzed under reproducibility conditions. The recoveries were determined by comparing the peak areas obtained from fortified samples with peak areas resulting from direct injection of standards. The mean extraction efficiencies of IVM and DOM were 75 and 70%, respectively.
(
d) Limits of detection (LOD) and quantitation (LOQ).-
The LOD is defined as 3× the standard deviation of 1 ng/g fortified samples. The LOQ is defined as 6× the standard deviation of 1 ng/g fortified samples. A total of 20 replicates of 1 ng/g fortified samples were analyzed under reproducibility conditions. The LOD and LOQ for IVM and DOM were 0.8 and 1.6 ng/g, respectively.
(e) Precision.-To obtain the within-day precision, 10 replicates of fortified samples were extracted and analyzed at each of the 5 fortification levels. Within-day standard deviations ranged from 0.39 at 1 ng/g to 4.67 at 50 ng/g for IVM, and 0.44 at 1 ng/g to 4.8 at 50 ng/g for DOM (Table 1) . To obtain the day-to-day precisions, 8 replicates of fortified samples were extracted and analyzed at each of 5 fortification levels under reproducibility conditions. Day-to-day standard deviations ranged from 0.56 to 3.75 for IVM and 0.50 to 3.84 for DOM (Table 1). The lower value for the within-day precision for DOM at 50 ng/g may be slightly larger than that of the day-to-day precision because of the standard deviation of the method.
(f) Robustness.-The robustness of the method was tested on fortified liver samples (50 ng/g) by altering the extraction at different steps; time after sample fortification was 15 or 25 min, time of shaking on the vibrator was 5 or 2 min, centrifuge time was 10 or 15 min, and the temperature of samples was ambient and approximately 37°C before dissolution. No significant differences were found for any of the changes.
(g) Stability.
-The stability of IVM and DOM in fortified liver (15 and 50 ng/g) at -20°C was tested for 80 days. No decreases in concentration levels were seen. The stability of IVM and DOM in 1-methylimidazole solution in the autosampler was also tested. No decreases were seen for 33 h. 
Conclusions
A method was validated for determination of IVM and DOM in porcine liver tissue in the range of 1-50 ng/g. Robustness testing showed that the extraction procedure is very insensitive to a variety of changes. The method was accurate, fast, and reproducible. In a working day, an analyst may process up to 35 samples, standard curves, and quality control samples, with the LC analysis performed in an overnight run.
